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A System And Method For 
Capturing, Managing, and 
Disseminating Manufacturing 

Knowledge 

Cross Reference to Related Applications 

This application claims priority under 35 U.S.C. § 1 19(e) to provisional application 
number 60/291,298, filed May 1 5, 2001, entitled "A Method For Capturing, Managing, 
and Disseminating Manufacturing Knowledge, "which is hereby fully incorporated by 
reference. 

Background of Invention 

[0001 ] Field of the Invention 

[0002] The present invention relates to extracting and managing knowledge regarding a 
manufacturing process, and more particularly to externalizing manufacturing strategy 
and know how from engineering design, analysis and manufacturing and planning 
systems and to integrate knowledge, standards and applications for the 
manufacturing process. 

[0003] Description of the Related Art 

[0004] The design of parts, tools, computer chips etc. have seen incredible advances, 
especially in the time it takes to go from the design phase to actually manufacturing 
the part or tool. This renaissance has been brought about mainly by the advent of the 
computer and specialized software. Conventionally, there are four important types of 
software programs that are used to facilitate the process from the design phase to the 
manufacturing phase, as shown in Prior Art Fig. 1. 
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[0005] In a design phase, Computer- A ided design (CAD) software combines the 

techniques of drafting and computer graphics to produce models of parts and tools to 
be manufactured and represents the part or tool geometry in computer language. 
These models can be manipulated and tested via video display screens until they 
incorporate the best attainable balance of features, as well as including ease of 
production and lower cost. 

[0006] Popular CAD programs include CATIA, Unigraphics, Pro Engineer, AutoCad and 
Solidworks among others. The CAD program stores the shapes entered as computer 
files generally in a proprietary format. 

[0007] A CAD system typically includes the CAD software, a high-end computer 

workstation, a high-quality graphics monitor, a mouse, light pen, or digitizing tablet 
for drawing and a printer or plotter for printing design specifications and is often 
coupled with Computer-Aided Manufacturing (CAM) software through shared 
databases. CAM systems provide the ability to convert the geometry generated by the 
CAD program into machining or tool path instructions to make the part on a router, 
milling machine, lathe or any Computer Numerically Controlled (CNC or NC) machine. 

[0008] The primary function of CAM programs is the generation of machining 

instructions to produce parts, tools, etc., taking into account tool or part features 
such as shape, diameter, thickness, etc. CAM systems are offered by leading CAD 
vendors such as CATIA, Unigraphics, Pro-Engineer and various independent system 
vendors such as MasterCam, SurfCam and Gibbs among others. 

[0009] CAM programs store tool path information, in a file, as a set of executable motion 
instructions. The format for these commands can be unique to a particular program or 
a universally accepted standard. The most common standard format is the APT 
machine tool command language. APT is a common format that can be converted into 
a set of unique commands used by each CNC machine. The tool path created in the 
CAM software package is translated into a machine specific G-Code format with the 
application of a post-processor. Post-processing software accepts the tool path 
information and allows the user to customize the tool path commands for a particular 
CNC controller or machine. This post-processing allows for machine specific 
instructions such as startup and shut down, tool changers, canned cycles or special 
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format requirements. 



[001 0] Process planning systems capture high level steps necessary to create the part. 
This includes material information, general manufacturing processes, company 
standards to apply, general instructions, and quality assurance steps. 

[001 1] Process planning systems generally capture "what" each step is as opposed to the 
details of how each step is performed. For example, a typical system will call out "Set 
up 1 : Rough Part features on Datum A side". The exact instructions, such as what 
cutters to use, what machining strategies to implement, and the cutting computation, 
are not captured. 

[0012] 

[001 3] Process planning is usually performed on many different software applications of 

L.i,. 

g varying capability. This can be as simple as a standard word processor, an internally 

Jj: developed software tool, or a commercial tool such as HMS-CAPP from H MS Software 

; yJ , Inc. 

[001 4] Despite the advances in CAD, CAM, NC machines and process planning systems, 
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as described above, the traditional process still imbeds detailed manufacturing 
strategies within the NC program, process planning system and is also scattered 
among other documents, such as engineering drawings, local best practices, mental 
impressions, trade secrets, etc. Since this valuable knowledge on how the part or 
object should be optimally manufactured can only be defined within a multitude of 
proprietary systems, the prior art has several deficiencies in this regard, such as: a) 
NC programming cannot begin until CAD geometry is released; b) moving parts 
between suppliers requires significant rework to "reinvent" the manufacturing 
strategies because there is currently no way to communicate the proven method; c) 
manufacturing strategy is "buried" in software system settings and data files which are 
not easily transferable between users; d) the best practices are extremely difficult to 
capture, share, and implement; e) ensuring standards are being adhered to is difficult; 
and f) controlling the quality across the NC programmer staff which is dependent 
solely on programming experience. 

[001 5] The prior art is deficient in providing a manufacturing strategy that is externalized 
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from the multitude of manufacturing software systems and expertise that is capable 
of providing system manufacturing optimization, cost estimates, and tool path 
instruction, from among a host of functions, and is available for review, optimization, 
and communication concurrently with the design phase, thus allowing for more 
accurate cost estimates, identification of producibility issues and the quantification of 
each issue, the selection of manufacturing centers with capabilities necessary to 
optimize part manufacturing, and the implementation of automated machining 
instructions, that all can be generated and/or accessed from a library of proven 
manufacturing strategies. The prior art is also deficient in not providing a method for 
outsourcing that can be controlled by providing suppliers a proven manufacturing 
strategy to follow. 

[0016] The prior art also does not address issues regarding quality of NC programmers 
and other post operations and does not ensure quality control providing for "best-in- 
class" templates to support the manufacturing process. 

Summary of Invention 

[001 7] The present invention has been made in view of the above circumstances wherein 
manufacturing strategy is externalized and is capable of being shared anywhere in the 
world independent of manufacturing systems and tools (e.g. CAM, CAPP ... ). In the 
present invention, standards are automatically implemented and Numerical Control 
(NC) programming can begin concurrently with design before final geometry is 
released. The present invention also brings together and integrates "best practices" 
into day-to-day actions in the production of a part or object. Manufacturing 
knowledge in the present invention is also integrated from early on in the design to 
and can be utilized in reoccurring manufacturing procedures in the future. 



[0018] 



By creating a meta-data file, manufacturing strategy is externalized from 
manufacturing systems design files and is available for review, optimization, and 
communication. The present invention facilitates accurate cost estimates that can be 
generated using proven manufacturing strategies. The present invention further 
supports outsourcing, which can be controlled by providing suppliers a proven 
manufacturing strategy to followThe present invention further provides quality control 
of NC programmers and other post operations by introducing and providing "best-in- 
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class" meta-data file templates into the manufacturing processes. By virtue of 
decoupling the critical data from the CAD or manufacturing systems, the externalized 
manufacturing strategy can be shared anywhere in the world independent of CAD or 
manufacturing systems or planning systems utilized in creating the initial design data 
files. 

[001 9] To achieve these and other advantages and in accordance with the purpose of the 
present invention, as embodied and broadly described, the present invention can be 
characterized according to one aspect of the present invention as including a method 
for configuring detailed manufacturing knowledge for fabricating an object, the 
method including the extraction of design criteria from one or more a design data 
files. The design criteria is captured in a meta-data file. The design criteria is parsed 
into elemental manufacturing building modules independent of the data file and 
stored to a meta-data file and a database, wherein the database includes the 
extracted design criteria and the elemental manufacturing building modules. 
Manufacturing knowledge and data not contained in the design data file is 
incorporated into the meta-data. The database is accessed and manufacturing 
knowledge is extracted, if any, to optimize the manufacturing process of the object to 
be fabricated and incorporated (i.e. encapsulated in) to the meta-data file, wherein the 
meta-data file is independent of the one or more design data files from which the 
design criteria was extracted and the meta-data file is capable of directing the 
manufacturing of the object. 

[0020] The present invention can be characterized according to another aspect of the 
present invention as including a software product for configuring detailed 
manufacturing knowledge for fabricating an object, the software product residing on a 
computer readable medium is capable of instructing a general purpose computer to 
perform and instruction set. The instruction set includes an instruction to extract a 
design criteria from a one or more design data files and an instruction to parse the 
design files into elemental manufacturing building modules independent of the one or 
more design data files and an instruction to store to a database a meta-data file of the 
extracted design criteria and the elemental manufacturing building modules. The 
instruction set further includes an instruction for incorporating into the meta-data file 
manufacturing criteria not contained in the one or more design data files, and an 
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instruction for accessing the database and extracting manufacturing knowledge, if 
any, and incorporate into the MDF for optimizing the manufacturing process of the 
object to be fabricated and storing the manufacturing knowledge to the meta-data 
file, wherein the meta-data file is independent of the one or more design data-files 
from which the design criteria was extracted and wherein the meta-data file is capable 
of directing the manufacturing of the part, tool or object. 

[002 1 ] The present invention can be characterized according to another aspect of the 
present invention as including a data structure for configuring manufacturing 
knowledge and expertise in designing and fabricating an object for manufacture, the 
data structure including a part level strategy section that defines general part level 
attributes and requirements for manufacturing an object and a numerical control 
setup section defining object fabrication activities for the object set up on a numerical 
control machine. The data structure further includes a quality assurance section for 
defining numerical control machine setup, a post operation section for defining non- 
machine tooling functions for manufacturing the object and a manual operation 
section that defines attributes of non-Numerical Control machine driven operations. 

[0022] The present invention can be characterized according to a further aspect of the 
present invention as including a software product for configuring detailed 
manufacturing knowledge for fabricating an object, the software product residing on a 
computer readable medium capable of instructing a general purpose computer to 
perform instructions for extracting a design criteria from one or more design data 
files, instructions for parsing design criteria into elemental manufacturing building 
modules independent of the one or more design data files and storing to a database a 
meta-data file comprising the extracted design criteria and the elemental 
manufacturing building modules and instructions for incorporating into the meta-data 
file manufacturing criteria not contained in the one or more design data files. The 
software product further includes instructions for accessing the database and 
extracting manufacturing knowledge, if any, for optimizing the manufacturing process 
of the object to be fabricated and incorporating the manufacturing knowledge into the 
meta-data file, wherein the meta-data file is independent of the one or more design 
data files from which the design criteria was extracted and wherein the meta-data file 
is capable directing the manufacturing of the object to be fabricated. 
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[0023] The present invention can be characterized according to an additional aspect of 
the present invention as including a system for configuring detailed manufacturing 
knowledge for fabricating an object, the system including a data processor having 
memory capable of inputting and outputting data and instructions to peripheral 
devices. The system additionally includes a database in communication with the data 
processor for storing, accessing and retrieving data and a graphical user interface 
capable of interfacing with and navigating a software product for configuring detailed 
manufacturing knowledge. The software product is capable of directing the data 
processor and includes instructions to: for extracting a design criteria from one or 
more design data files; for parsing design criteria into elemental manufacturing 
building modules independent of the one or more design data files and storing to a 
database a meta-data file comprising the extracted design criteria and the elemental 
manufacturing building modules; for incorporating into the meta-data file 
manufacturing criteria not contained in the one or more design data files; and for 
accessing the database and extracting manufacturing knowledge, if any, for 
optimizing the manufacturing process of the object to be fabricated and incorporating 
the manufacturing knowledge into the meta-data file, wherein the meta-data file is 
independent of the one or more design data files from which the design criteria was 
extracted and wherein the meta-data file is capable directing the manufacturing of the 
object to be fabricated. 

[0024] 

The present invention can be characterized according another aspect of the 
present invention as including a system for configuring detailed manufacturing 
knowledge for fabricating an object, the system including a data processor and 
memory capable of inputting and outputting data and instructions to peripheral 
devices and a database in communication with the data processor for storing, 
accessing and retrieving data. A graphical user is employed for interfacing with and 
navigating a software product for configuring detailed manufacturing knowledge. The 
software product is capable of instructing the data processor to perform instructions 
pursuant to the software product, the software product includes instructions to: 
extracting a design criteria from design data files; parse design criteria into 
manufacturing building blocks independent of the design data files and storing to a 
database the manufacturing building blocks; incorporate into the design criteria 
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manufacturing criteria not contained in the design data files; and accesses the 
database and extract manufacturing knowledge, if any, for optimizing the 
manufacturing process of the object to be fabricated and incorporating the 
manufacturing knowledge into the manufacturing process; and manufacturing the 
object to be fabricated. 

[0025] Additional aspects and advantages of the invention will be set forth in part in the 
description which follows, and in part will be obvious from the description, or may be 
learned by practice of the invention. The aspects and advantages of the invention will 
be realized and attained by means of the elements and combinations particularly 
pointed out in the appended claims. 

[0026] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory only and are not 
restrictive of the invention, as claimed. 

Brief Description of Drawings 

[0027] The accompanying drawings, which are incorporated in and constitute a part of 
this specification, illustrate several embodiments of the invention and together with 
the description, serve to explain the principles of the invention. 

[0028] Fig. 1 depicts a Prior Art view of a conventional CAD, CAE, CAM and NC machine 
function and operation; 

[0029] Fig. 2 illustrates a schematic diagram of one embodiment of the present 
invention; 

[0030] Fig. 3 depicts a portion of a schematic diagram of the operation of the present 
invention; 

[0031] Fig. 4 is a schematic diagram continuation of Fig. 3 of the present invention; 

[0032] Fig. 5 depicts a schematic diagram continuation of Fig. 3 and Fig. 4 of present 
invention; 

[0033] Fig. 6 depicts a schematic diagram of a cost advisor module of the present 
invention; 
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[0034] Fig. 7 depicts a schematic diagram of a meta-data file advisor of the operation of 
the present invention; 

[0035] Fig. 8 depicts a schematic diagram of a supplier search advisor module of the 
present invention; 

[0036] Fig. 9 depicts a schematic diagram of a producibility advisor module of the 
present invention; 

[0037] Fig. 10 depicts a schematic diagram of a virtual co-location advisor module of the 
present invention; 

[0038] Fig. 1 1 depicts a schematic diagram of a meta-data file viewer module of the 
present invention; 

[0039] Fig. 1 2 depicts a schematic diagram of a tool path advisor module of the present 
invention; 

[0040] Fig. 1 3 depicts a schematic diagram of a status tracking advisor module of the 
present invention; 

[0041] Fig. 14 depicts a NC setup section of the meta-data file format of the present 
invention; 

[0042] Fig. 1 5 depicts a manual operation section of the meta-data file format of the 
present invention; 

[0043] Fig. 1 6 depicts a quality assurance section of the meta-data file format of the 
present invention; 

[0044] Fig. 1 7 depicts a post operation section of the meta-data file format of the 
present invention; 

[0045] Fig. 1 8 depicts a cutting assembly definition section of the meta-data file format 
of the present invention; 

[0046] Fig. 1 9 depicts a NC action section of the meta-data file format of the present 
invention; 
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[0047] Fig. 20 depicts a quality assurance action section of the present invention; 

[0048] Fig. 21 depicts an example of a meta-data data structure / file of the present 
invention; and Fig. 22 depicts a system diagram of the present invention. 

Detailed Description 

[0049] Reference will now be made in detail to the present embodiments of the invention, 
examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers will be used throughout the drawings to refer to the 
same or like parts (elements). 

[0050] In accordance with the present invention, the present invention includes a method 
for configuring detailed manufacturing knowledge for fabricating an object, the 
method including the extraction of design criteria from one or more design data files. 
The design criteria is captured in a meta-data file. The design criteria is parsed into 
elemental manufacturing building modules independent of the data file and stored to 
a database and a meta-data file including the extracted design criteria and the 
elemental manufacturing building modules. Manufacturing knowledge and data not 
fi! contained in the design data file is incorporated into the meta-data file. The database 

S3 

is accessed and manufacturing knowledge is extracted, if any, to optimize the 
manufacturing process of the object to be fabricated and storing the manufacturing 
p knowledge to the meta-data file, wherein the meta-data file is independent of the one 

or more design data files from which the design criteria was extracted and wherein 
the meta-data file is capable of directing the manufacturing of the object. 



s 

m 



[0051] 



The present invention further includes a data structure for configuring 
manufacturing knowledge and expertise in designing and fabricating an object for 
manufacture, the data structure including a part level strategy section that defines 
general part level attributes and requirements for manufacturing an object and a 
numerical control setup section defining object fabrication activities for the object set 
up on a numerical control machine. The data structure further includes a quality 
assurance section for defining numerical control machine setup, a post operation 
section for defining non-machine tooling functions for manufacturing the object and 
a manual operation section that defines attributes of non-Numerical Control machine 
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driven operations. 

[0052] The present invention additionally includes a software product for configuring 
detailed manufacturing knowledge for fabricating an object, the software product 
residing on a computer readable medium capable of instructing a general purpose 
computer to perform instructions for extracting a design criteria from one or more 
design data files, instructions for parsing design criteria into elemental manufacturing 
building modules independent of the one or more design data files and storing to a 
database a meta-data file comprising the extracted design criteria and the elemental 
manufacturing building modules and instructions for incorporating into the meta-data 
file manufacturing criteria not contained in the one or more design data files. The 
software product further includes instructions for accessing the database and 
extracting manufacturing knowledge, if any, for optimizing the manufacturing process 
of the object to be fabricated and incorporating the manufacturing knowledge into the 
meta-data file, wherein the meta-data file is independent of the one or more design 
data files from which the design criteria was extracted and wherein the meta-data file 
is capable directing the manufacturing of the object to be fabricated. 

[0053] The present invention still further includes a system for configuring detailed 
manufacturing knowledge for fabricating an object, the system including a data 
processor having memory capable of inputting and outputting data and instructions to 
peripheral devices. The system additionally includes a database in communication 
with the data processor for storing, accessing and retrieving data and a graphical user 
interface capable of interfacing with and navigating a software product for configuring 
detailed manufacturing knowledge. The software product is capable of directing the 
data processor and includes instructions: for extracting a design criteria from one or 
more design data files; for parsing design criteria into elemental manufacturing 
building modules independent of the one or more design data files and storing to a 
database a meta-data file comprising the extracted design criteria and the elemental 
manufacturing building modules; for incorporating into the meta-data file 
manufacturing criteria not contained in the one or more design data files; and for 
accessing the database and extracting manufacturing knowledge, if any, for 
optimizing the manufacturing process of the object to be fabricated and incorporating 
the manufacturing knowledge into the meta-data file, wherein the meta-data file is 
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independent of the one or more design data files from which the design criteria was 
extracted and wherein the meta-data file is capable directing the manufacturing of the 
object to be fabricated. 

[0054] The present invention also includes a system for configuring detailed 

manufacturing knowledge for fabricating an object, the system including a data 
processor and memory capable of inputting and outputting data and instructions to 
peripheral devices and a database in communication with the data processor for 
storing, accessing and retrieving data. A graphical user interface is employed for 
interfacing with and navigating a software product for configuring detailed 
manufacturing knowledge. The software product is capable of instructing the data 
processor to perform instructions pursuant to the software product, the software 
product includes instructions to: extracting a design criteria from design data files; 
parse design criteria into manufacturing building blocks independent of the design 
data files and storing to a database the manufacturing building blocks; incorporate 
into the design criteria manufacturing criteria not contained in the design data files; 
and access the database and extract manufacturing knowledge, if any, for optimizing 
the manufacturing process of the object to be fabricated and incorporating the 
manufacturing knowledge into the manufacturing process; and the manufacture the 
object to be fabricated. 

[0055] The design data file can be generated by many different program sources such as 
CAE, CAD, CAM, CAPP, Planning Systems, and tool path programs, among others, as 
shown in prior art Fig. 1 . Also any drawings, plans and databases containing 
standards, best practices etc. can also be accessed and utilized to provide the meta- 
data file with additional manufacturing information. Basically, the detail knowledge 
can come from any extractable source. 

[0056] 

The present invention further includes a software product for configuring detailed 
manufacturing knowledge for fabricating an object, the software product residing on a 
computer readable medium is capable of instructing a general purpose computer to 
perform and instruction set. The instruction set including an instruction to extract a 
design criteria from a one or more design data files and an instruction to parse the 
design criteria into elemental manufacturing building modules independent of the one 
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or more design data files and storing to a database a meta-data file of the extracted 
design criteria and the elemental manufacturing building modules. The instruction set 
further includes an instruction for incorporating into the meta-data file manufacturing 
criteria not contained in the one or more design data files, and an instruction for 
accessing the database and extracting manufacturing knowledge, if any, for 
optimizing the manufacturing process of the object to be fabricated and storing the 
manufacturing knowledge to the meta-data file, wherein the meta-data file is 
independent of the one or more design data-files from which the design criteria was 
extracted and the meta-data file is directing the manufacturing of the object. 



[0057] 



[0058] The reader should note that throughout the specification any references to CAM, 
CAD, CAE, CAPP, Planning Systems or similar and complimentary software programs 
jh are used to refer to the general nature and concepts underpinning these software 

systems/programs as a class. The overall package and concepts may have been 
modified by numerous vendors, incorporated in to suites and customized for third 
parties, yet they retain their core attributes and function substantially the same in that 
they assist the user in the design, analysis and manufacture of an object, part or tool. 



[0059] Finite-element Analysis (FEA) is one example of a commonly used software 
^J; analysis tool. It generally provides for mechanical simulation of a part or object in 

s|«8[. 

Q. which the structure or part is divided into small elements with easily defined stress 

and deflection characteristics. It can be utilized to provide dynamic, thermal and fluid 
analysis. 

[0060] Product data management (PDM) software and systems organize, manage and 
track products, drawings and design or model data via a database management 
system and is utilized to control information, files, documents and work processes 
necessary to design, manufacture, support, distribute and maintenance of a product. 
The information typically managed by the PDM includes, but is not limited to, design 
geometry, engineering drawings, project plans, part files, assembly diagrams, product 
specifications NC machine-tool programs, analysis results, correspondence, bills of 
material (BOMs) and engineering change orders (ECOs). Essential PDM software 
provides the conduit for ideas, information and changes throughout supply and 
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manufacturing chains. 

[0061] Enterprise Resource Planning (ERP) systems are primarily utilized to plan and 

manage manufacturing operations and Supply Chain Management (SCM) systems let 
suppliers play a role in the manufacturing process. 

[0062] One aspect of the present invention is the ability to manage the manufacturing 
knowledge external from typical software programs and data files and planning 
systems, which allows dissemination of the knowledge without requiring users to have 
the same underlying proprietary software system. 

[0063] The MDF file can be created, matured, and released concurrent with engineering 
design activities to capture manufacturing requirements, material preparation 
activities, support producibility and costing applications. After design release, the 
MDF is populated with actual manufacturing elements to drive automated 
manufacturing and status tracking applications. The present invention is also capable 
of providing a vehicle for reuse of standards and distribution of proven manufacturing 
methods. 

[0064] By capturing the manufacturing methods for a part in an independent way, new 
processes can be implemented to optimize internal manufacturing centers as well as 
in the exchange of work between suppliers, in the multi-sourcing of parts and in the 
integration of the supply chain. 

[0065] MDF files can be populated through user interactions via a MDF Editor, which 

provides users with the ability to create, modify, manage, and release the MDF file by 
extracting data from a completed CAM NC or similar type program through a system 
interface. A host of system interfaces are provided by the present invention initially to 
meet third party needs. The present invention contemplates the addition of and the 
incorporation of additional system interfaces to accommodate various manufacturing 
systems, CAM programs and NC machines of the end user. A person of ordinary skill 
in the art will appreciate that the system interfaces can be readily modified to keep 
pace with evolving technology and equipment updates by the vendor/supplier. 

[0066] Th e MDF further includes Internet viewing functionality that allows even the 

smallest vendor or manufacturer, anywhere in the world, to evaluate and implement 
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proven manufacturing methods, standards, best practices etc. 

[0067] The information managed in the MDF matures from early part design, when the 

information is basic manufacturing requirements and recommendations (e.g. machine 
envelope requirements, cutting tools recommendations, etc.) to the actual 
management of manufacturing center specific data (e.g. the actual machine envelope 
of the machine where the part is to be manufactured and the cutting tool for a specific 
shop by tracking number) later in the process. 

[0068] The MDF file can be formatted in an XML format or HTML format or similar data 
structure or file that captures information and relationships between information as 
necessary. 

[0069] A library of MDF files, in multiple file formats, can be managed to provide proven 
methods for manufacturing parts within a part family, category, sub-category or 
grouping. These proven methods can then be transferred to suppliers, anywhere in 
the world, and implemented in the manufacturing methods applied to build the part. 

[0070] The MDF provides the basis for a series of enhanced manufacturing processes and 
applications. The process and applications include, among others, detailed part cost 
estimation (Cost Advisor), producibility feedback (Producibility Advisor), searching for 
the most capable suppliers (Supplier Search Advisor), concurrent and enhanced NC 
programming (Tool Path Advisor), and integrating manufacturing experts into an 
Internet community (Knowledge Associates Network). 

[0071 ] The MDF can be integrated with CAM systems (e.g. CATIA MFGPROG, UG 

Manufacturing Module, etc.) and process planning systems through Application 
Programming Interfaces (API) to provide a complete end-to-end integrated solution. 

[0072] pj g> 2 illustrates the basic process in the creation of the meta-data file or data 
structure. At step 205 the file has been created by the designer and saved to one of 
the multitude of file formats. At step 21 0 the present invention extracts the design 
criteria from the design data file. For instance, if the design calls for cutting three 1"H 
x T'W x 1 "D cut-outs in a titanium or other type of material the present invention 
extracts this information and the design criteria. The typical program represents this 
procedure as one transaction or event and not three separate transactions or events. 
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in this example the present invention extracts the numbers of cutouts, their 
dimensions the preferred material to utilize and so on until it has the required 
information to execute the design. 

[0073] At step 21 5 the design criteria extracted in step 21 0 is further parsed to 

determine if the design criteria can be further reduced into simpler units such as 
manufacturing building modules, basic building blocks, etc. Byway of analogy, this 
would be like taking a molecule and breaking into its constituent atoms. Therefore, in 
the above example the three 1 "H x 1 "W x 1 "D cut-outs would not be integrated 
together as in the conventional data file but be parsed into a single 1"H x T'W x T'D 
cut-out being performed three times. This allows for ease of design manipulation. In 
the present invention if one of the cut-outs is altered only that cut-out need be 
modified. In the engineering designing system of the prior art the single entry for the 
three 1"H x 1"W x 1"D cut-outs must be modified. 

[0074] At step 220 it is determined if the elemental module, unit or building block is 

already within the database. Typically, after a period of use, the user will have built-up 
a library of elements, parts, tools, etc. with attendant manufacturing know how, 
mental impressions, and expertise in the fabrication of that part. If it is determined 
that the elemental module or building block is in the database then the elemental 
manufacturing building block is selected along with its attendant manufacturing 
information, step 230. If the elemental manufacturing building block is not found in 
the database, it is stored in the database and is incorporated as shown at step 225. 

[0075] At step 230, depending on the outcome of the search performed at step 220, 

manufacturing knowledge, if any, is extracted from the database and at step 235 the 
design criteria, incorporating any elemental modules and manufacturing knowledge, 
is incorporated into the meta-data file. 

[0076] 
[0077] 

The MDF is an organized and quantified collection of manufacturing "elements". 
These elements are assembled and managed in the MDF file to define the detailed 
manufacturing approach for metallic, plastic, ceramic or composite parts and tools. 
The elements are managed in such a way as to allow population of manufacturing 
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requirements early in the designing process and then the instantiation of specific 
information to support the down stream manufacturing processes. 

[0078] The MDF includes at least one Part Level Strategy, as shown in Fig. 21 , or Header 
Section contains the general part level attributes and requirements. The Header 
section, not shown, contains attributes that apply to the entire MDF and manages the 
order and organization. The Part Level Strategy section includes, but is not limited to, 
attributes such as material, part type, stock type, etc. 

[0079] Fig. 1 4 depicts a Manual Operation Section table or file. The Manual Operation 
Section defines attributes of "non-NC driven" operations such as manual sawing, 
moving clamps, manual hole drilling. These operations provide context for important 
transition activities, help drive accurate overall cost estimates, and in developing 
optimized manufacturing plans. 

[0080] Fig. 1 5 depicts a QA (quality assurance) Operation Section table or file. The QA 

Operation Section defines QA activities that do not occur on a machine tool. Activities 
occurring during a machine tool setup typically are managed within a NC Operation 
Section as a QA Action. Typical activities include Coordinate Measuring Machine (CMM) 
checks, manual QA checks, layout checks, etc. 

[0081] Fig. 16 depicts a NC Setup Section table or file. The NC Setup Section manages the 
part fabrication activities for a single part "set up" on the machine. Typically, this 
manages all activities between operator interactions to physically move the part. The 
Section manages a series of operations such as cutting assembly definition, NC 
actions, QA Actions, and Manual Operations (operations that require operator action 
like moving clamps or adding hold-down bolts). The NC Setup Section further 
includes information regarding NC Programmer User, versioning and machine 
specification. As new models or versions of the NC machine become available the NC 
program may have to be modified to fully utilize the capabilities of the new NC 
machine or may have to be modified for the new NC machine to work at all. The 
present invention via an MDF editor can produce or modify interfaces to support the 
continuous full functionality and operation of the MDF and the manufacturing process. 

[0082] 

Fig. 1 7 depicts a Post Operation Section table or file. The Post Operation Section 
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manages operations such as heat treating, chemical processing, etc. This section 
provides context to support costing, managing proven manufacturing methods, and 
captures necessary steps in the manufacturing process. The Post Operation Section 
includes post processing type, post processing requirements, and status tracking 
dates among others. 

[0083] Fig. 1 8 depicts a Cutting Assembly Definition section table or file. It defines the 
cutting tool assembly to be used in a section of the MDF. If the same cutting tool 
assembly is used later in the MDF, it is listed again in the appropriate location relating 
to the order of the operations. The Cutting Assembly Definition starts with basic 
requirements early in the process and will later mature into shop specific definitions. 
The Cutting Assembly Definition includes cutting tool descriptions, holder 
descriptions, cutting tool assembly identifiers, base speeds and feeds. 



O [0084] Fig. 1 9 depicts a NC Action element table or file. The NC Action defines a single 

y NC component (e.g. finish floor of the pockets). A Cutting Assembly definition 

W typically will have one or more NC actions assigned to it, as each defines a particular 

ill 

5 machining task. The NC Action element includes NC operation type, feature group, 

m feature type, and cutting parameters among others. 

o 

if! [0085] Fig. 20 depicts a QA Actions table or file. The QA Actions are manual checking 
activities that occur during a setup on the machine that do not require automated 

p methods like machine probing. These operations include, but are not limited to, QA 

s ' J! operation types, feature group types and feature types. 

[0086] As previously stated, with the MDF of the present invention, the manufacturing 
strategy is externalized from the designing system and is available for review, 
optimization, and communication. The MDF supports accurate cost estimates that can 
be generated, using proven manufacturing strategies. Outsourcing can be controlled 
by providing suppliers a proven manufacturing strategy to follow. Quality control of 
NC programs and other post operations can be managed by providing "best-in-class" 
MDF templates to the manufacture of the particular object or parts. 



[0087] 



The manufacturing strategy is externalized and can be shared anywhere in the 
world independent of the original authoring tools or the software packages and 
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programs utilized by the manufacturer or supplier. In the present invention, standards 
are automatically implemented, thus detailed manufacturing activities such as NC 
programming can begin concurrently with the engineering design and before final 
geometry is released. By virtue of this functionality, best practices are capable of 
being integrated into the day-to-day operations of the manufacture. With the advent 
of manufacturing knowledge being integrated from early in the design phase, the best 
configuration of equipment, supplier and practices can be incorporated initially in to 
the overall design. 

[0088] Fig. 21 depicts an example of a meta-data file or data structure of the present 
invention. 

[0089] A detailed description of another aspect of the present invention will be 

undertaken regarding the path flow and logic of the invention. The designer via part 
definition module 302 defines the preliminary definition of the part, as shown in Fig. 
3. Depending on the design phase, this may be a simple sketch or a preliminary solid 
model definition. The design makes the part definition available to a manufacturing 
focal. In the initial analysis module 304 retrieves the part design. The part is either 
analyzed via automated part analysis module 306, or is completed manually by the 
user. A basic manufacturing approach is determined at this point, if multiple 
approaches are available they can be generated and explored at a later time or the 
user can be provided with multiple scenarios if the differences in cost and production 
time fall within a predetermined range of each other. 

[0090] 

The manufacturing focal determines whether an existing meta-data file (MDF) 
input exists for the manufacturing approach via module 308. If a MDF does exist, the 
MDF is retrieved by retrieval module 312 from a MDF library as defined by MDF library 
module 314. For instance, if the CAD design calls for the fabrication of a titanium spar 
with pockets on both sides, the present invention determines if it has within its 
database an exact match for the desired manufacturing approach or a manufacturing 
approach or template in close proximity to the desired manufacturing approach. In 
this example the database will most likely find a design for a titanium plate part with a 
best in class manufacturing approach for cutting titanium. The approach defines the 
best manufacturing practice for cutting the pockets, but does not specify the number 
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of pockets. Based on the design, the number of pockets are entered. 

[0091] In the standard CAM case, the know how associated with the cutting of the 
pockets has to be determined and relearned for every part. The machining 
instructions are also determined for each part independently and are dependant on 
the skills, knowledge and experience of the manufacturing focal. The conventional 
CAD and CAM designs do not break the design into individual elemental modules or 
building blocks that can be used independently of the current design. All knowledge is 
imbedded in the design parameters and is not easily extracted for future use. 

[0092] If the library does not contain a MDF with an appropriate manufacturing approach, 
the producibility analyst via module 31 0, as shown in Fig. 3, creates a new MDF, 
typically starting with the closest available MDF in the library, and modifying it for the 
specific design. 

O [0093] Modules 316, 31 8 and 320 describe the high level processes utilized to support 
H! the calculation of a cost estimate utilizing the selected MDF. Module 316 defines 

Si * S 

@ feature attributes and describes the user action of entering basic part parameters, 

Jjj such as material and stock type, defining part features, like pockets and holes and 

« describing post processes-like cleaning and shot peening. 

[0094] Estimating the cost of a part is performed by module 31 8, which directs the cost 
|f engine analyzing part attributes and the MDF file and utilizes a series of cost rules to 

fjj calculate a cost estimate for recurring and non-recurring manufacturing activities. A 

detailed cost report is generated via module 320. 

[0095] 

The Supplier Advisor application, as shown in Fig. 4, embodied in module 422 
analyzes part manufacturing requirements defined in the MDF definition and the user 
entered part attribute information to: 1) determine possible suppliers with the 
manufacturing capabilities necessary to manufacture the part; and 2) analyze 
particular supplier capabilities to document possible limitations and issues. The 
Integrated Producer (VIP) Supplier Capability Database, defined in module 424, 
contains detailed manufacturing capabilities of suppliers, worldwide. This includes 
number and type of machines, post processing operations available, and machines 
and engineering capabilities. Module 426 generates a detailed supplier report based 
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on this data. 

[0096] In the Producibility Advisor application, manufacturing rules from using 

companies Best Practices Knowledge Base module 430 and from Manufacturing 
Knowledge Base module 434 along with the MDF and manufacturing attribute data are 
analyzed and part producibility violations, limitations and constraints are identified via 
modules 428 and 432. A detailed producibility report is generated and configured by 
module 436. The producibility analyst (i.e. user or designer or engineer) interacts with 
the designer, over the Internet or other communication network, using the 
Producibility Advisor, to track all issues to closure. Designer / fabrication interaction 
module 438 describes and facilitates the interaction between the designer and 
producibility analyst. 

[0097] In module 440 a determination of whether a real time collaborative review is 
needed. The real time collaboration is accomplished utilizing a Virtual Collocation 
Advisor application of module 442. This occurs if issues cannot be resolved through 
the standard producibility process or if issues require multiple parties interacting in 
real time. The real time collaboration session brings together all needed designers 
and manufacturing experts into a "virtual" session to review and close producibility 
issues. This session integrates the cost study 318, producibility report 436, MDF, part 
attributes, and part geometry into a shared user session on multiple Internet, WAN, 
LAN, or communications network connected via computers and workstations. 

[0098] If the part is released by the design group via module 444, the manufacturing 

processes will begin. If the part is still undergoing iterations by the designers, the part 
is analyzed by the producibility expert each time a change is identified by module 
31 3, as shown in Fig. 3. The analysis focuses on what changed between design 
iterations, if a change in the part requires the manufacturing strategy to be modified, 
the MDF is updated as required via module 31 1 . The process iterates again as 
required until the part design is completed and released. 

[0099] utilizing the MDF, producibility report, and part attributes, suppliers with the 

capabilities required to produce the part are identified in the Supplier Search Advisor 
application of module 480, as shown in Fig. 4 and Fig. 5. The VIP Suppliers Capability 
Database module 424, is used as a reference on what capabilities each supplier has 
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available. A detailed report is generated for suppliers via module 426, as shown in 
Figs. 4 and 5. 

[01 00] Once the design company selects a supplier via module 520, the MDF and 

supporting knowledge is made available to the supplier, over the web or other global 
communication network, anywhere in the world. 

[0101] The supplier can then access the MDF Viewer application module 525, to review 
the manufacturing strategy developed throughout the process. The MDF is then 
tailored for the specifics of the selected supplier in module 540. This is accomplished 
in the Tool Path Advisor application utilizing the Integrated Producers (VIP) - Suppliers 
Capabilities Database as defined by module 424. Computer Aided Manufacturing 
(CAM) operations are created, in the suppliers desired CAM system software, by 
linking the MDF to the CAM system through Application Programming Interfaces (API) 
links module 545. 



V* [01 02] An MDF is tailor made via module 540 for supplier. The MDF is then utilized to 

W 

■m create a CAD or CAM or software data file via module 545. The MDF is used to define 



the basic structure of a Build Status framework module 555. Each major element of 
manufacturing, (i.e. each NC setup, CMM operation, and post processing step) is listed 
and the supplier defines a planned start and end dates for each. As the manufacturing 
proceeds, the supplier maintains the report updating status of each of the major tasks 
via module 568. Modules 555 and 560 comprise part of the Status Tracking advisor 
550. 

[0103] At module 565 a determination is made whether a real-time collaboration session 
is required. A collaboration session via Virtual Planning module 555 may be set-up to 
resolve a particular problem, review a part design, or review status. Collaboration 
Advisor 570 and real time collaboration module 575 are capable of integrating a video 
image from the suppliers shop with all other configured part knowledge. 



[0104] 



Once the part is completed and the manufacturing approach is proven, a 
determination of whether the MDF should be stored as either a new standard, variant 
of the standard or alternate standard in the MDF library is performed via module 580. 
In module 585, the manufacturing expert reviews the MDF and takes out all part 
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specific items and stores the MDF in the MDF library module 590. 

[01 05] In the Cost Advisor application 360, detailed cost reports are generated for the 
manufacturing processes encapsulated in the MDF. The user can either start a new 
cost run via module 602, or review an existing cost run, module 640, as shown in Fig. 
6. When the cost advisor is executed, the application first determines whether a link to 
the users Product Data Management (PDM) system module 604 exists. This link is 
capable of being accomplished by creating an XML, HTML or similar interface to the 
programs specific data. 

[01 06] If there is a link to the users PDM system, module 606 retrieves the cost attributes 
from the PDM, described in program PDM module 608, and is loaded into the Cost 
Advisor application 360. If no link exists, then via module 610, the user is prompted 
to enter cost attributes. These attributes include material type, stock, type, number of 
part produced, complexity of the part, etc. 

[01 07] In module 61 2, the user is then prompted to select a meta-data file (MDF) file 
from either the MDF library module 61 4, or from a personal or shared file module 
9 61 6. The MDF describes the detailed manufacturing methodology to apply in the cost 

. i.y 

* run. This includes the order of operations, cutting tools, feeds/speeds, among other 

ynj parameters. In module 61 8, the user is then presented with a list of post processing 

^ operations to consider. These include operations like cleaning, painting, heat treating, 

fg shoot peening, etc. The user selects the post operation type that applies and the 

number of operations required. 

[01 08] The MDF is parsed, and all referenced feature groups along with their related 
feature types are extracted. Based on the feature types and the corresponding 
manufacturing operation defined in the MDF, the user is presented a list of feature 
definitions to define. In module 620, the user enters the associated feature 
information such as length, width, and depths of pockets, diameter and depths of 
holes, and lengths, widths, depths of profiles, and etc. 



[0109] 



The part definition, including the part features, MDF methodology, and post 
processing operations are analyzed via module 622. The feature analysis evaluates 
factors such as appropriate cutter selection given the feature dimensions and whether 
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the offset values, step over, and depths of cut are appropriate. The manufacturing 
knowledge used in determining the possible overrides is contained in the 
Manufacturing Knowledge Base module 624. 

[01 1 0] In module 626, the user is presented with the current values along with the 
suggested overrides. The user can select none, one, many, or all of the override 
conditions to apply. If override values are selected, then in module 628, the MDF is 
updated with these values. The cost engine is then executed via module 630. The cost 
engine uses the MDF and feature attributes to determine the run times for each 
operation of the MDF. A Manufacturing Knowledge Base, as defined in module 632, is 
the repository for the run time calculation rules and methods. The costing engine also 
creates a detailed cost report with non-recurring and recurring costs segmented into 
major categories and visual pie charts. 

[01 1 1] For example, a roughing operation for a group of pockets defined in the MDF has 
a defined cutting tool, depth of cut, tool motion definition, feed/speed, and entry/exit 
method. Using this information along with the feature definition defining the size of 
the pockets, the estimated run time can be calculated by mathematically estimating 
the tool path motion and speed. 

[01 121 The cost engine also uses information about the overall size of the part, the 
complexity, number of features, MDF complexity, the number of operations in the 
MDF, and other part attribute information, to determine all other recurring and non- 
recurring cost estimates for the part. In module 634, the user can review a detailed 
cost report and the user has the option to begin the entire cost process again, or via 
module 636, generate a cost iteration. A cost iteration is the ability to change one or 
more values from the cost run and generate another report as defined by module 638. 
For example, the stock type could change from a billet to a forging, and a new cost 
estimated would need to be generated via Calculate Run Time module 630. 

[01 1 3] The user can also review an existing cost run that has been previously saved via 
module 640. The user is presented a list of accessible cost runs managed by the user, 
and module 642 provides the user with the ability to select from the list. The user is 
then able to review reports and run iterations if desired. 
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[01 1 4] The MDF advisor allows the creation and manipulation of a MDF to capture 
detailed fabrication processes. In module 702, as depicted in Fig. 7, the system 
determines whether a MDF is currently active, and the user selects to continue with 
the current active MDF or select another. The MDF Advisor is used to read, review, 
modify, update, and save MDF files. The user is first queried about opening an 
existing MDF or creating a new MDF via module 704. 

[0115] Module 706 describes the retrieving of an existing MDF. The user can select a 
MDF from the MDF library of standard manufacturing methodologies, as defined in 
module 708, or from a file or database, as defined in module 71 0. if no current MDF 
exists, the user can create a new MDF by adding required MDF attributes like name 
and user as describe by module 71 2. 

[01 1 6] The MDF information can be edited via module 71 4. The information that can be 
O edit via module 71 4 includes, but is not limited to, adding a machining set-up, adding 



a cutting tool operation, defining a NC action, defining a CMM action, defining a post 

:. . 

yj process activity, and defining planning dates for major activity. 

Jjjj [01 1 7] Throughout the editing process, the user interacts with the Manufacturing 
■ Knowledge Base module 71 6. Module 71 6 contains company and proprietary 

j|| standards for pocketing routines, cutting tool suggestions, suggestions to reduce cost 

and complexity, among other manufacturing suggestions. A user can decide whether 
or not to save updates in module 71 8. In module 720, the updated MDF can be saved 
either to the MDF library, module 722, or to system file module 724. 

[01 1 8] In the Supplier Search Advisor application 480, capable suppliers are identified 

and their possible capability deficiencies are documented. The application checks via 
module 802, as shown in Fig. 8, as to whether or not a MDF file and all associated part 
attributes have been defined and are active and available. If there is no current MDF, 
the user is prompted via module 804 to select a MDF. The user can select from a MDF 
library, defined in module 806, or from a local file or database module 808. 



[0119] 



Once the MDF is selected, additional attributes are defined for the part in module 
810. This includes all major manufacturing activities, part material, part size and 
complexity, among others. In module 81 2, the part attributes necessary to search for 
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suppliers are extracted from the MDF. Utilizing a search algorithm via module 814, 
the part manufacturing requirements are compared to supplier capabilities. The user 
can select suppliers to search in the system from the entire worldwide database, a 
particular geographical region, a specific manufacturing capability, or a reduced list, 
possible of only one, of possible suppliers. The Integrated Produces (VIP) Supplier 
Capability Database 424, further defined in module 816, contains the details of each 
supplier's capabilities and selection algorithms. For each supplier, a list of detailed 
producibility considerations is generated. This includes capabilities the supplier may 
not possess, general producibility issues, and general sourcing considerations. 

[01 20] Once the raw supplier data is generated for the part, a report is generated via 

module 81 8. The report formats the data based on user selections. The report will be 
generated and managed in the system, as described in module 820. If desired, a 
regional considerations report is analyzed in module 822. This report includes 
regional issues for fabrication like availability of special processing capabilities, 
availability of knowledge workers, and sourcing alternatives. The Integrated Produces 
(VIP) Supplier Capability Database 424, further defined in module 816, provides the 
detailed supplier capabilities and the regional consideration rules. A report is 
generated and configured for the user via module 826. 

[0121] The Producibility Advisor identifies, configures, manages, and stores 

manufacturing rules and knowledge from a producibility session. These producibility 
sessions occur between a design and one or more manufacturing experts. Given a 
MDF file and corresponding part attributes, the system searches for producibility rule 
violations in module 902, as shown in Fig. 9. This is accomplished by searching for 
conditions in the MDF that have similar conditions to a manufacturing rule, defined in 
the Companies Best Practices Knowledge Base module 904. A report is developed for 
the user via module 906. The report contains a list of all of the producibility 
violations, descriptions of the violations, ways to resolve the problems, and potential 
costs associated to the items. 

[01 22] 

The manufacturing producibility expert is assigned to the part via module 908. 
This includes instructions on how the geometry for the part can be accessed. This 
could also include downloading from a host server, downloading directly from a 
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designers Program Data Management (PDM) system, as defined by module 910, or by 
accessing a dataset via module 91 2. This process can occur anytime from very early in 
the design phase when only preliminary solids or general part sketches exist, to final 
part release when detailed part definitions are available. 

[01 23] The manufacturing expert performs a detailed producibility review of the part in 
module 914. This includes using software tools and knowledge bases, as defined in 
module 91 6, and following manual checklists, defined in module 91 8. The 
manufacturing expert identifies producibility issues in module 920. This includes each 
items category, type, and potential cost implications. These issues contain a general 
description and a detailed description. The manufacturing expert enters each item 
into the Producibility Advisor application via module 922. 

[01 24] For each item, a "next action" user is added to each item in module 924. This is 

hi the party that is required to continue the item. This may include the designer, another 

Jrf producibility expert, purchasing, or internal manufacturing experts. When this item is 

fjj set, an e-mail is sent to that person requesting them to access that producibility 

ffl v. 

X session to resolve a producibility issue. The "next action" user module 926 selects a 

Til link in the e-mail, and enters into the Producibility Advisor session, directly into the 

f3 item in question. The user then reviews the items and develops a response. 



In 



ry 



[01 25] The user has the option to close the item module 928. If the user does not close 
the item, a response to the item is generated and entered into the Producibility 
Advisor application in module 930. The user also sets a new "next action" participant 
in module 932. If the user decides to close the item in module 928, then the user can 
decide whether or not to enter the decision into the companies best practice 
knowledge base via module 934. 

[01 26] In module 936, the user selects whether to enter the item in the best practices 

knowledge base. The user employs the Producibility Advisor application 922 to enter a 
description of the issue and resolution, and select keywords and attributes that will 
be used in future retrievals of knowledge by designers. The data item is then stored in 
the company's best practices knowledge base in module 938. 



[0127] 



The system manages all items identified by the manufacturing producibility 
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expert. If all items have not been closed, as determined by module 940, the 
application continues to work each item. If all items have been closed for the part, the 
application is complete. 

[01 28] When issues in a producibility session cannot be resolved in the general session, a 
Virtual Co-location Advisor session can be established to resolve issues with many 
participants in real time, co-located virtually by looking at the same information on 
several computers. 

[01 29] A Virtual Co-Location application (VCLA) 495 first converts all CAD system 
geometry, usually solid models, into what is required for the geometry viewing 
systems via module 1002, as shown in Fig. 10. In module 1004 the converted 
geometry is added to the Viewing Database module 1 006. A session is scheduled with 
all participants via module 1008. The VCLA 495 contains scheduling tools to help 
participants select potential times. Every participant will either be categorized as 
"required", meaning the session will not occur without them, "important", where the 
session can continue but every effort should be exercised to include them, or 
"optional". 

[01 30] At the prescribed time, the participants log-on to the session, as provided by 
module 1010. Each will have access to see the geometry, the producibility reports, 
and the cost sessions. These sessions can also include video. This usually occurs in 
cases where a part is being reviewed in a shop remotely. In module 1 01 2, the 
participants work each issue to a conclusion and the session is closed via module 
1014. 

[01 31] The ability to view MDFs is accomplished through a MDF viewer 525. The MDF 
viewer is Internet enabled software that can be accessed from the host website, 
anywhere in the world. The viewer allows review of MDF data, but not updates or 
changes. It is determined via module 1 1 02, as shown in Fig. 1 1 , if the user does not 
have access to a MDF viewer, the user is prompted to download a version. Via module 
11 04, the user accesses the host web site and downloads an appropriate viewer. The 
user then configures the viewer via module 1 1 08. 



[0132] 



The MDF file is accessed via module 1110. This can be as an e-mail attachment, 
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directly from the host server, or from a flat file as define by module 1112. The MDF 
values can then be reviewed via module 1114. The user can traverse selectable fields, 
review order and details of the manufacturing strategy, and understand manufacturing 
intent. The viewer does not allow the user to make or save updates to the MDF. Access 
to the MDF Advisor application is required to modify MDF data. 

[01 33] The Tool Path Advisor application 535 tailors the MDF with a suppliers specific 

cutting tools, standards, and processes. The MDF is then integrated with the suppliers 
CAM or similar type system to create NC operations and tool path instructions, as 
shown in Fig. 12. 

[01 34] In module 1 202 the MDF file is accessed and retrieved. The MDF can be in a file 

format, retrieved from a PDM system, retrieved from the host server, or retrieved from 
a local file as defined by module 1 204. Module 1 206 determines whether a VIP 424 
database exists and whether local standards are managed. If no VIP 424 database 
exists, then the MDF Advisor application is tailored in module 1 208. This includes 
defining local cutters and entering shop standard information. If an integrated VIP 
database exists, then the system automatically integrates shop standards into the 
MDF via module 1210. Local standards and cutting tools are retrieved from the 
Integrated Producers (VIP) 424 by way of module 1212. 

[0135] The Tailored MDF is reviewed by the user in module 1214. If the local substitution 
is not acceptable in module 121 6, the user can manually modify the MDF using the 
MDF Advisor application module 121 8. When the MDF is acceptable, the CAM 
operations are created in module 1220. The process for creating CAM operations will 
vary depending upon the suppliers particular CAM system. The user can edit and 
complete the NC program using the native CAM system interface module 1 222. The 
user then validates the NC program in the preferred tool path and machine simulation 
software in module 1224. 

[01 36] When the NC program is completed and validated module 1 226, the process is 
complete. If not, the user edits and revalidates the NC program. 

[0137] 

The major manufacturing tasks are retrieved, in module 1 302, from the MDF, 
defined in module 1304, as shown in Fig 13. Major manufacturing tasks include NC 
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setups, CMM operations, and post processing operations. Each task is integrated into 
a high level schedule managed on host server module 1 306. 

[01 38] The user via module 1 308 enters planning dates for each of the items. This 

includes planned start dates, planned end dates, actual start dates, and actual end 
dates. The user then updates the current status bar in module 1 31 0 on the host 
system. In module 1312 status tracking reports can be generated for a part or a group 
of parts. This can be configured to create exception reports based on certain items 
being late. 

[0139] In module 1314, if the part is complete and the status tracking items are closed, 
the process is complete. If not, the user continues to update status the progress 
module 1310 until the process is complete. 

[0140] The reader should note that the processes described above can be started and 
stop and revisited numerous times until the final product is produced. Since design 
parameters as well as manufactures and equipment specifications change over time, 
the present invention provides a unique and cost efficient way of managing these 
complex issues without having to resort to rewriting potentially 10's of thousands of 
lines of CAD, CAM and NC machine language code to effectuate relatively minor 
changes. 

[01 41 ] It will be apparent to those skilled in the art that various modifications and 

variations can be made in the Method For Capturing, Managing, and Disseminating 
Manufacturing Knowledge of the present invention and in construction of this 
invention without departing from the scope or intent of the invention. 

[01 42] Other embodiments of the invention will be apparent to those skilled in the art 

from consideration of the specification and practice of the invention disclosed herein. 
It is intended that the specification and examples be considered as exemplary only, 
with a true scope and spirit of the invention being indicated by the following claims. 



APP_ID=1 0063802 



Page 30 



